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A biodegradable, biocompatible , resorbable intension 
stent comprising a terpolyuoer of: 

(a) L(-)lftctide, 

(b) glycolide, and 

( o ) ejaailon-cftpr ©lactone . 
This invention includes a method eor treating urotoral 
obstruct ions or impairments .by utilising a biodegradkibl«, 
biocompatible, resorbable infusion stont, And a rocrthod for 
controlling the &peed of resorption of tho at ant.. 
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Tin* TOffBOraWEHTC OP TIIP IWVBKTttJtf IK ttKlCH AIT ^XCLWIVE 
PROPERTY OR MtlVIIJEGB 13 CLAIMED ARE nBPXWKW AS FOLLOWS 

1. 7k biodegradable , biocompatible, resorbable, ureteral 
stent comprising a t*rpolymer of: 
5 (a) L(-)lactide 

(b) glycolj.de, and 
{ c ) eps ,i I on-ca pr ol act one , 
wherein Baid ureteral Btent has: 

{i) a tansiJ^ strength ot at Xeaet about sdo pel , 
10 (ii) an elongation greater than about 10£ , And 

(iii) Shore A hardness of about St> to 100. 

5. The ureteral stent of claj.ro 1, wherein the epsilon- 
o&pro.l.actonc varies from about 15 to 25 weight 

3, The urotoral stent, of claia 1, wherein ti\* !.(-> 
15 lactide varies from about 45 to weight 

4. The ureteral etexit of vlaim 1, wharcln t)iw $fly<?mt<te 
varies from about fi to 50 weight * k 

The ureteral stent of claim l # also* including about 
5 to 30 woiglit * of a radiopaque material. 

20 6, Tha ureteral 6 tent of claim 5, wherein said 
radiopaque material ia finely dividefl ^ariUTO sulfate, 

V. 1'he ureteral stent of claim l', wherein the modulus 
varies from about «ooo to-7O00 psi. 

B. The uratsr&l ' Gtent of cluic* 1, bendable into a 
2$ pliable curl set at each end. 

9* The ureteral stent of clairo 1, sterili table and 
capable of compounding with radiopaque water ials. 

10, The ureteral stent of claim 1, in transparent form. 
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11 ♦ The urwteral stent of claim l r Wherein the 
torpolymer has a weight average molecular weight varying 
from about 2 0,000 fco i,ooo r opr>, 

12- * method for trcutSncf ureteral obstruction or 
impairment in a mammalian host by implanting therein a 
biodegradable, biocompatible resorbable Btent between the 
kidney and the bladder, said stent having the following 
properties? 

(i) a tBnHile strength of at least about 500 

pair 

(ii) an elongation greater than about 10*, ana* 

(iii) shore a hardness of about SO to 100, 

i *> ^ itiU/v ™££hcd, cJT ci £ it 1 . 1 2.2 f ^?ici J £i£ tiis* -s-tsnt ^c^pris^s 
a terpolymer of: 

T^} l&ctido, 

(*>) glycoli de, and 

(c) epeilon-caprolactone- . 

14. The method of claim 12, wherein' the et ant has the 
following properties: , . 

(a) tansile strength greater than lDfiO pai., 
fh) elongation greater than ioofc. r and 
fc) Shore A hardness of. about 75 tp 95 >" 

15. The method ot olaim 12, wherein the stent comprises 
ot terpelymer of: 

(a) M-Jlactide., . 

(b) glycol ids , and 

(c) epatlon-capro lactone, 

IS- The method of elaitn 15, wherein the &(-)lactide 
variee from about '43 to B6 weight *. 
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17. The xiet-hod or claim 15, vherein the* glycol id ft varj.cc 
from about 5 to 50 weight 

an, fl'he method of claim 15 f wnerein the epsilon- 
c&piolactone varieB from about i£» to 25> veight 

19. The ureteral Bter.t of oi^im i, wherein the 
texpolymer has a molt process, decomposition .temperature 
greater than or equal to about 23 0'C. 

20. The ureteral stent of claim i, . wherein the 
tarpolymer. haa a tube extrusion processing 'tewperaturv 
thAt varies from about 135 to 150 fc C; 

2A> 3!be urofcoreil .Stent of . claim 11 r wherein, the 
terpolymer hfre .a weight average molecular weight of about 
S0,00o to 400 f <I0D + 

12. tthe method of claim \2 t whcrsln 6a id stent comprises, 
a polymeric* material having a height ' average m^lfsoular 
weight varying from about -*0, do o "to 4 00 j 000., 

23, A method for controlling' the'timsof bi6&egrudzif.iori ' 
in mammalian ' body .tissue ;:of "a fciodegra.d able r 
biocompatible, resorbable ureteral 2 'stent/ by. implanting a 
polymer 16 " stent' in mamma l£ on body t.isBue ; wherein ' &a id 
polymeric .stent 1b biodegradable r biocompatible ■ and 
resorbable and has the fulluwing propertlee; 

(a) a /tensile strength Of: ht least about 500 pei , 

(b) an elongation greater than about 10* , and 

(c) Shore. a hardness of about 50 to loo*, 

anfi controlling the rate of biodegradation of* said 
polymer £c .stent from a few weeks .to a tew monttis, by 
varying' the molecular weight or the polymer composition 
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comprising thB stent , front a weight averag/e molecular 
weight of about 50, 0Q0 to about l r 00ft, 000. 

24. The method of cilaim 23 , wherein the weight &v<*rmja 
molecular weight Of Said polymeric stent varies from about 
50,000 to about <tOO r OOD. 

25. An article of ma.nu/aotur comprising a 
biocompatible, -resorbable ureteral stent made on a 
biodegradable polymeric composition, wherein said stent is 
used for treating ureteral obE.trwor.jon and hti:3 fcho 
following properties i 

(i) • a tensile strength of at least about 500 pst, 

an elongation greater than about 10^; wd 
{iii) Shore A hardness of about 50 .to 100- 

26. The stent of claim 515, wherein tha wight average 
molecular weight of said pqlyx&eric composition varies ■ rroiu • 
about so^doo to '400,000, 

27. The stBnt of claiw 25, haying & minimum .. curl 
strength qf at least • about 4 grama and a udiUrouia brsAk 
strength of about i . 7 pounds k • '• ■ 
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JQX DE (3 HAD At) LB STENT 

BACK&ROUMD Of ?HK IHVgCTIOH 
1, FIELD OT THE IN KEMKIOtf 

invent ion relates to thft preparation of 
5 ureteral stents from biodegradable polymer* of lactic- acid. 

a. nEsci^TTic m op the pr ior art 

Ureteral stents are often us-ad to maintain fluid 
drainage from the ronal pelvis to the bladder when the 
ureter 1b obstructod or otherwise impaired, and al«t> for 
Ifl providing support bo a collapsed or restricted ureter. 

Very often, ureteral stent* aro positioned in a patient 
on a temporary basis to provide drainage from the kidney Uo 
the bladder following surgery. . The stent is generally 
coiled or looped at opposite ends to prevent* upttard or . 
25 downward migration, trora a predetermined position in ths 
ureter caused by peristaltic. action or other body mot ion 
that would impose forces on. the stout to move it from its 
predetermined poHition* ' 

Certain ureteral stents have the capability of Infusing- 
2t> tluids into the kidney and are cnjnwiUy referred to as 
"infusion stents" > 

In uDbany situations' where- the ureteral stent ie . 
installed for shorb term usage t an additional surgical 
procedure muBt be employed to remove the at ant after its 
25 purpose baa boon fulfilled. 
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A ureteral stent that Its toade of a biodegradable a.nd 
biocompatible material would assure vts Eafe and innocuous 
disappearance without the need for a second surgical 
procedure* for its reiaov&l after it has confrpletact its 
i> function. 

Canadian Patent No* 8aa,?3l to Fouty discloses the 
preparation of high molecular weight poly lac tide* with an 
anionic coordination catalyst containing ci divalent metal ot 
Group II of th<? Periodic Table, to produce a polymer 

io containing the divalent metal as part. of. the polylactide. 
Either optical isomer of lac tide may bo us ad, and. the 
xactiott can h<x e opo -lyiac^i-s a d witft othsr cyslic esters having 
£.roan 6 to 8 carbon atoms in the ring, such as glycol ido or 
tetramethyl glycol ids, 

15 U.S. Patent No. 4, 04 5, 4m to Sinclair discloses 

thermally stable copolymers of optically inactive lactido 
and epsilon-caproiacbone with a. tin ester of carboxylic acid 
serving as a catalyst to produce throvaway thermoplastic 
objactB that arc environmentally attractive because they . 

20. slowly degrade to harmless substances , cyclic Bsiters such 

as glycol ids s I active and the lactones* are also disclosocl as 
being used to produce thermoplastics. U>s* Patent Ho. 
4*057/537 also to 5 inolair discloses: the copolymer is at j on ot* 
glycol ide with lactide and various lactones to form 

25 copolymers which are reported as useful in. making absorbable 
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sutures, Sinclair's primary objective id to produce a non- 
gumjity, high impact , non-brittle, thermally stable cop&Lyuiar 
of an optically active .I0.ot.ldc and epsilDn~capro5acton.e 
which can he fabricated into various thermoplastic o&jccts 
that are disposable and environmentally attractive since 
they degrade into harmless; substances. 

U*s\ Patent No. 3,fl44 r 9B7 to Clendinning et ai, 
disclose* shaped containers raforicatod from biodegradable 
thermoplastic oxyalkanoyl polymers, such as epsilon- 
caprolactone polyittera, and naturally occurring biodegradable 
substances to serve as containers in which to germinate and 
grow seed or dealings. 

U,s* Pat^n* No. 3,63*5,956 to Schneideo: discloses 
copolymers of L<~) lactate with up to 25% glycolids for use 
in surgical application" such as sutures and. ligatures. 
U.S* Patent No. 3v739 r 773 to 8chmitt. et R.1, discloses 
polyglycolic acid or polyhydroxyaoetic ester can; be 
surgically used* £or a Bolid prosthofiis or a protective gau^a 
and is absorbable" by living mammal i an tissue, 

U.S* Patent No, 3,736,046" to Schtnitt • disciossa a 
copolymer containing 15 to 85 mole% of both glycol ic and 
lactic acid can be formed into bloaograduble surgical 
structures such eis tubes or sheets or spun as filaments to 
prepare tmtureB. 
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IKS, Patent No. 4,300,S6ii to Rosencaft et al, 
discloses a method for producii\g sterile surgical Articles 
frcro a synthetic absorbable copol ymo r formed by 
copolytiia rising gVycolidc monomer with a cyclic eater roonomet: 
5 Other than a glycolide, such zxa a lactone, oxalate or 
carbonate • 

tK5« Patant No. 3,331, 5&1 to Trehu discloses tho u«© 

of high molocular weight jpcvlylactidos fcxtriitf.ed to form a 

surgical suture. 
10 U.S. Patent Mo* 4,539, 9B1 to '1'anc diaclosea an 

absorbable bone tlxertiofl davits raade fxora a polymer of 

L(~)lactide with an inhaxent viscosity above 4,J5< 

u.s. Patent No* 4,151,583 to KulKarni disclose an 

assimilable, porous, hydrophilic prosthesis composad of a 
15 polynter or hydrOKycarboxylic aoid> with tno preferred 

polymer baing a lactic acid. 

U.S- Patent tfo. 4,137,021 to Okuzuwi- disolce^a the 

formation ot highly crystal line, Jf ibor-ffonriJiog addition 

copolymers of Xaotitte and gly oolite .having from 50 to 75% 
20 glycol ide. The lactida -glycol ide addition Oopolyniara are 

highly crystal lino and useful in fording fibers for surgical 

sutures » 
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Q,S. Patent !4o* ZJ ,839,927 tD Wasaerraarj e.t al, disclose* r.; 
the formation oX a fc.l.gh molecular weight l-lact±de/g3,yoal kdo 
copolymer using ft stannous octoatc catalysts Th£ oopolymai- 
jnay be extrudoa to foai filaments usaabie. as absorbable 
5 sutures. 

European Patent Application Ko. 02 04 5.1 ]L to Pertti. of. 
al f disc-loSGa a synthetic- polyxaeric surgical osteosynthes is 
material absnrbable by the body composed of such polymers a*j 
a poly tactile* 

10 Other patonts of interest relating to the preparation 

ot- po*yxao~t~.LdGa ifie&s£& -3VS-. lbs. 2,70V-!* to 

Schneider? 2 r 8<)£>,:iD« to Young at alj 2,362,511 to paters; 

3,3169,945 to RostBttier ot al; 3,284,417 to Hostettier ot 

al; 2,758,9*7 to Salzburg fit al and Canadian Patent 779,291 
1J3 to Kteinc^ 
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The present invention ia based upon the cUsaovory of a 
biodegradable < biocompatible, irssorbablG Infusion stent 
comprising a terpolywer of: 

(a) r.(--) Uetido r 

(b) giycolido, and 

(c) epsilon-capro lactone . 

This invention is also baaed upon a method for treivtin^ 
ureteral obstruction or .-inrpnirmont by utilizing a 
biodegradable r biocompatible, . resorbable infusion stent, and 
a method Tor controlling th<5 rate of biodegradation of the. 
stent. 

D gSCTrtETIQTJ OF THE PR^ RRBD ftWHODT MEWT& 
In accordance with tho present . invent! on r it has been 
town* that a bioccMpatiblB, ' biodegradable,, resorbable 
ihfUHion stent can be made from a tBrpalyraev of;' 
(a) L(-)lacU<te, 
{&) glycol ida, and 
(c) 6pBilon-capro lactone, 
The inventive infusion stsnt has the foil wing 
properties: 
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(i) a minimum tensile strength of at 2 oast about 
50Q psi, preferably at least about .S50 ptfi, 

(ii) an elongation greater than about 10*, 
prefer-ably tj^eatsr than about 10&$, 

(iii) Shore A hardness of about 50 to 3.00, 
preferably about -7!i to Si5. 

In addition , the- biodegradable stent is pliable, and 
can be fabricated nx extruded into tubing; with an Inside 
diameter that CAn vary f, row about 0.D50 to about • D., 075 
inches, and an- outside diawrter than can vary from) about 
0.075 to- about 0,1-20 inches. 

IChe inventive stent can be wade • trail spa rant and is- 
biocompatible*. YVecauce it is:sleo biod^radAble, the' stent 
disintegrates in tttammali an bo$y tissue, within -x few vceka. • . 
to a tfew month*,, without \inte-rf.cr 1 .119 ;*ith urinary function. 

The invent ivo" stent can.be fcabribated with a'. pi i able" 
curl set at each .end by beat sotting' t&chnigueB ,/ can ]>'b % ' 
aterilize'd, and is capable of being compoundaa' tilth 
radiopaque materials, such, ay barium- jnilfaftB. The stent .■ 
should hays a minimum curl strtvngth. of "at least about i- 
grams, and a minimum break strength of about'"!.? pounds. 
The stent can' also be imprinted" Vith* biocoihpat'ible ' inket , 



l*t has boctl found that the controlling factor in the 
stiffneBB of the terpolyinor composition used; in making the 
atent is the amount oJ? epsilon-caprolaotono Which can vary 
beuwoen about IS and about 25 % by weight of the terpolyw*r 
composition. At *bout 1!> weight * or loss, the terpolymer 
composition becomes ton at iff r and at aboat, 25 weiqbt $ or 
higher, tho composition becomes too pliable and woafc to 
construct the stent, A 20 weight .c*prolacton© tsrpolymer 
is most preferred tor ita pliability oh&r&CtaristicB. 

The amounts oC L(-) lactide oan vary from about 45 to fi?> 
weight %, preferably about S5 to 75 Weight * and most 
pi^eTablv about 60 to 70 weight & of the terpolvTTiCr 
composition « 

The amounts of glycol id© con voxy frova about 5 to BO 
weight* fc, and preferably about lp to 30 weight % of the 
terpolymer composition. The blending of those components 
produces a pliable, transparent, thermoplastic elastomer 
that is biodegradable and biocompatible ♦ 

r Xhe meohanisra of hiod&gxadation of tho inventive atent 
ia essential ly one of hydrolyais? that is, tha destruction, 
decomposition r or alteration of tb* oh<aaioal composition of 
tho stent by vater to the point where the stent 
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disintegrates and is harmlessly excreted from the body in 
the urine. At the same time, certain portions of the stent 
which are in contact with the body tissual are reeorbed into 
the tisstlQS. For purposes of this invention, the terms 
"biodegracUtion, biodegradable" and the like are Intended to 
also inciudo resorption or the atant in the body tissues. 

It lias been found that when the glass transition 
temperature (t b ) of the biodegradable composition which 
comprises tho Stent is less *han about 3V*C r biodegradatiun 
proceeds at a more rapid rate than fchen the «P fl is about 37 *C 
or greater* 

T B is defined as a SfcCOttd order transition temperature 
which results in a discontinuity of properties of a polymer 
compositrion. At the r g# tn€ ^oiyniFir will change from a 
stiff* to a more flexible state, and ittt density and 
molecular free volume will increase. 

Thus, when the is ioss than about 37*0, the 
polymeric composition comprising the stent bocomeH more 
susceptible to penetration by body fluids and the time of 
biodegradaticn proceeds more rapidly. 

The process of biodegradation Of the stent begins 
from the tiro* tho stent is initially implanted between the 
Sidney and bladder* However, the rate at which 
biodagradatton occurs can be controlled to assure that tho 
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stent will function tfor the desired period of time, which 
can rangu from a matC&r of weeks to two or three months or 
even longer as the requirement demands, based upon tho 
individual condition and noods of the patient. Kosfc 
preferably, the useful life of the stent, which Las the tiwe 
during which the stent continues to function and Operate, 
vLlX vary from about 3 to 7 weeks! 

Factors which are inf iucntial in control Mnof tha rats 
Ot biodagradation, which directly relate to the useful life 
of the etent, include the molecular weight of the atont • 
composition and the amorphous nature of the stent • 
composition. A reduction in molecular weight is indicative 
of hiodegr&dation. Th* more amorphous, the stant -berpaiyflior 
composition is, the Jester it will biodegrade. . ' 

The inventive terpblymer should have a weight average . 
molecular weight of about 2a,ogo to 1,000,000, preferably 
about 50,Qgo to 400,000, and is general iy monomcdai with 
respect to molecular weight distribution. 

The inventive terpolymer can bo melt processed without 
decomposing at temperatures of Z30'C and below. 
lh« terpolymer J.s thixotropic and moat readily praceesabl^ 
at temperatures from about' 155 to 

Important factors involved in tube fabrication include, 
the shear rate in the extruder and temperature . The 
preferred processing temperature for tube extrusion varies 

lo 
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from about L35 to 150 "C, Processing at all conditions 
reduces ±h& average molecular weight and atfe-ota" all 
molecules similarly. The shear rate in the extruder should 
be maintained as law an possible tD reduce the amount of 
malt fracture and molecular weight degradation. Thus, it J..-> 
important in the process intf to preferably maintain the sftear 
rate in the extruder; to about 5go to 1000 se<j" 1 to maintain 
phyeicai properties as ulnae to the original water iai at; 
poaaible. 

It iu also desirable tg incorporate or blend radiopaque 
tfiutcrxciis- s'aeii r»» jjari'M.vi ^>ul£a,to w'ivSi th& torpci-y^r lr. 
amounts varying from about 5 to 30 weight *, preferably 
about JO to 20 weight h of the terpolymar compos it ton. The 
barium aulX^te ia finely divided to'a particle aize wnich 
luakosr it homocjenaoua and compatible with the texonlvTasr, 
without ati acting its light, transmission properties, A 
auitablo particle slfc B ia where S9& at the particlen pass' 
through 325 mesh o.r a 45 micron opening. 

The present invention also provides a method *or 
treating and remedying a ureteral obstruction or impairment 
witfc a ureteral stent without the naceaaity for an 
additional surgical procedure to remove the stent" after it 
has performed its function and is no longer needed. flttie use 
of the inventive biodegradable, biocompatible and resorbable- 
ureteral stent asaures its safe and. innocuoua dxaappaar&ncs 

11 
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by bi ode^radation at a controlled and predictable* rate after 
the. st wit hiis fulfilled its function. The controlled 
predictable rate Of biodegradation is framed upon tfuch 
factors as molecular weight and extant of the- amorphous 
5 nature of the. terpolymer composition. Thus, the only 

surgical procedure necessary is t>*e initial insertion and 
positioning of th* ureteral stent between tll« kidney arid the 
Madder. Removal is accomplishes by fci ©degradation of the 
Stent. 

10 tfhe following examples illustrate* epeoific embodiments 

of the preset iztven.td : or.-: In the, sasaap Xeg anj3, fchco\>j£l3i?U.t 
the invention all party and percentages ere -by weight, 
unless otherwise indicated, 

* * Example 1 

High-purity Lf-)iD*ctiae. 1* available from* commercial 
sources, under the trademark Crystallisation 3 ,b ' from' rurac ■" 
Inc., affiliated with CCA oiochem bv. of Tho- Netherlands t 
an4 under the trademark L-lactide $* t from Henley and cc* , a 
50 subsidiary of Boehringer Ingellieim of. 'Germany, GlycolidE; is . 
available under the trademark Glycol ide s N -from Henley and 
Co, 

12 
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Epsi Ion- naprolac tone having a purity above 99 £ it' 
purchased front coramerical sources, such Aldrich Company 
Catalog wo. 1673 6-3 r and is further puririod by vacuum 
distillation through a Claisen head at ID to 20 torr, to a 
water, whits cut at 90 to 215' c witJtl a boiling point rang<* 
of about ±2*c< The distillation is discontinued when the 
pot supply is low and with ths tetnperature rising at 
cotistaot pressure* Tho distillate is stored under a 
moisture free nitrogen or aryon at joospnar^ . 

The catalyst j stannous octoate, is; available from K&T 
Chemicals, Jlahway, nj as an anhydrous solution* About 110 
milliliters of dried CP (certititd purs) or (ao*ly&<*d 
pure) ^r&ds toluene and 2C milliliters of stannous octOtrte 
wae pipetted into* a 500 to 300 ml flask., e<juippcd tfJ/th 
eithe?r an argon or nitrogen 'purge and a ■ Dean-Star* type trap 
that was capped vvth a Drierite drying tube, l/he empty ' 
apparatus was previously flame-dried and cooled under 
nitrogen. The toluer.e solution, was brought to reflux under 
* nitrogen tric3ae ana 10 milliliters was distilled, to 
insurs that the. last few williiitere wer* clear. 



13 



Example 2 

65 partB nf L(-) laotldo (L-Iacfcide , Henley and 
Co.), 15 parts of glycolide (Glycol ide s"" r Ben/iey' and Co.), 
and 20 parts of purified epsilon-caprolactono, (Aldrich 
Catalog No, 16736-3; Chemical Abstracts Ko„ S02-44-i) ware 
placed in an ampoule followed. &y the addition of 0.10 
milliliters of a, stannous octoate solution in toluene 
The anount of stannous octoate catalyst solution was OvlO 
mil lil iters per 100 gra&s of total lactide, cflycolid* «nd 

vacuum pump for at least 10 minutes and sealed at Its ■ 
const riot ion- The contents were j&eited by. placing the 
ampoule in a 140 to IGin-c oil bath, . while mixing' tJie melt by 
swirling until the melt "became" viscous. ' nesting continued 
Tor about 15 to 72. hours a.t ldo'tc' iVo"C,* The . ampoule-, was . 
removed from the' oil 'bath, *.nd coaled to room tempe-rature. 
Th« tsrpolymer product'was .remove^ .f rom the .ampoule. ai>d* 
storBd in a des locator. The.terpolym^r was transparent awd 
nearly colorioss.- its weight average molecular* Weight, as- 
measured by gel 1 permeat ion chromatography (C3PC)- was ' greater 
than ioo / ood* ' 

the preparatory procedure wa« again repeated using • 
different amounts or the components a& tabulated in. Tahle> 1. 

14 . 



table X 

ISttPO tYMEU COMP OS TTTOW. PTftfahfc 



1 GO 15 25 

4 £5 15 20 

.5 «s 0 is ; 



Bach of the Bsmp3.es was thSft tGsttid for various 
physical properties babulatGdL in "Tabla 2. 

SUKaaH Y.Of P HYSIC AIi gROFEKTIKS 

Sample Tensile 1 * 1 Elongation* 40 
no±. ££rfiaafciu.j2Ei. . percent ' KQtiums- m Ghat&tlA ■ 



1 * • 


. 1627 


'596 


506 


51 


2 


439 


500 


377 


S2 


3 


13*3 


35 


A791 


9<S<0) 






40 




06 ■ 


4 


1511 


S94 


4035 


34 






id 4 


382 


6C 


5 


$558 


275(f) 


iio p 3fia 


• (shore D r 75) 



15 



Page 1 o 



292562li 



Fpotnotoa f or Table 2 

(a) Average of 5 specimens, ASCCH 0-63^ r 70 mil thioknoSS, 
croaaheatf spoad 20 Ln./mlv. (b) Plastic or initia] 
tangent ttoduiua. 

S Co) Shore D: 5 4 

(a) Crosahead speed 2 in. /Join. 

(a) Vested at 37 'C. 

Cf) faiJure, hut 5% to yield, 

Example 3 

10 ^gmmrefleion Molding of Tgrpolvmers 

Sheets of approximately 75 mil ware compieagion molded 
in accordance with the following procedure: 

60 grams of each texpolymor sample prepared in 
accordance with EKamplG 2 WerB placed between silicone 
15 release paper in a polished e stainless steel, h*uq<?3 lttO.LCl 
preheated, in a press to the teinperatvirss shown in Table 3« 

fiaui pla Mo. Kol di nar 'feum, *F platen P reaaure fuai i 

1 730 S,D00 for 2 mln, 
20 10,000 for 3 win. 

2 250 eawe aft pamplo No, 1 

3 2 05 v " " 11 " 

4 2&6 11 11 " 41 " 
25 5. 3 30 20,000 for 1 min. 
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9 A 9 ^ ft 9 * 



Contact pressure wa« maintained on the mold for 
approximately z to 5 minutes until the polymer, flowed into 
the mol.a cavity. Platen pressure of 5,000 to 2,000 pounds 
was applied far i to 3 minute* a* shown 3n Tublo 2. The 
moXcl was then put into a cooling pross unAax ths saws platen 
pressure and heltf until cooled to room temperature, d'he 
Sheet cf polymer for each sample waa removed -from the meld 
and release paper and specimens were cut f r.om the sneot for 
tensile tests, with the results tabulated in Table 4, 

Table • 4 

■SIA SPQagH , HOD- r JT,T -i nr> a>rn 3.0 ofc. EiLOflGAn?JpN <a * 



^WiC Kodulua (pgj) 2QP* fcjdlOU&JjW i X 

1 155- 227 

2 162 IS3 

3 - 446 *S9 
< 214 7.94 
S 2130 Ol€0 



(a) Elastomer modulus is psi load at 100* and 200$ 
elongation. 
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s*Affloie 4 

character ization of Molecular WoKiht and 'Enermal JPrjjBQttlea 

A molocolar weight analysis and thermal 
characterisation ot sovor&l saiapleB of £(-)lactide/glycoli/ao/ 
epsilon-capro lactone torpolyraar with component ratios ot 
€5/1 S/ 20 in parts by weight was conducted . 

Molecular weight distribution and averages were 
determined using a W&terd Kcdel 150 c ai.c/gki sue vitb a 
Model 320 data a tax ton and Maxima software, operating 
parameters used ta determine tho iftol ocular weight are listed 
in Table* 5- liable 6 shows molecular weights calculated tea* 
the samples 4 

rn>ar»tincr Parameters Tor MolacUlar Height Analysis 
* • Columna: Io*-U) s ~10 4 '-I0 3 A fX Styragel 

Solvent: BurdicX & J&Ck&oti- DIG Tetrahydrofuraix 

Plow Rate; 1 ml/min 

Injection Volume: I0D u 1 

'Jewperature; 23 *c (ot) 

Nominal Concentration: 2 mg/ml 

Detector; Refractive Index 

Standards: Narrow ai&tribution polystyrene 



1* 
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Tftblt: <i 

*fc>l<ioular weigh ta ot Terpolym&r Sample a 

Bafo re and Affcar Bxtrnsian Into Tu frjnfl 



Description 



I^r XOOO'S W„ r 1000' 5 & t , 20t>C 'E 
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Before processing - 
Sample 1 1,06 

ttamplu 2 145 

Beginning of 
extrusion - 

Sample 1 ns 

Sample 2 104 

Middle of 
fcfctruaion - 

Sample i 50 

Sample 2 103 

End of 
extrusion - 

Sample 1 £G 

%• • 

Sample 2 $? 



IS 7 
310 

173 
228 

17~7 

171 
200 



342 
SSI 



364 

302 
1375 



1.88 
2.14 

3-01 
2. IB 



1, !>B 
2.07 



The terpolym&rs. were monoioodal witli respect to 
molecular weight distribution* * Mtl\OUgh the poD.ynsre Hhowea 1 
a decrease in Piolocular weight Upon lacit fabrication, the 
25 decrease wae not s ign if icant. in teras of lose ot pbyaic-ai 
properties. 

Thermal gravima trie analyse (TGA) and differentia) 
scanning calorinetry (0$c) were performed on the ■ 
torpolymera. Inncraogcneity, as evidenced by malting paints 
30 of 5nonomerE r or Weight loss on programed hsating, aa well 

15 
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as halting points of homapolymars was not datectanla. The 
terpolyjners wore pure and horoogsnepua , and cento ined at moat 
ppm quantities of unreacted monomer, T^e terpolymer could 
oe molt proceasad vithout tfeccinpoaition at 23D"C and boiow, 
Th© material was thixotropic (snoar thinning) and 
procesaifcle ftfc approximately 130-146 *C. 

Eariflft LllnQJJLg S mall Diameter U^beB 
A Brabander single screw 3/4 iTich diameter extruder 
with 30 L/D wehb uaecl with a die to rcamii'acture small tuba 

diamatars. The ±HrZ* &SVie« r « ttfi-i-VsX Taha^of f> £khr C^V?* 
Brabehder, wae placed a.Cter a 6 root water bath. Tha 
tflrpolymex cowpoaition of Example *4 was used. Th© initial 
processing temperatures ±"or tuba extrusion ware 130 to . 
1*S*C: ' Vhe shear rate in the extxud«r was maintain** in the 
range of 500 to 100C aec.' 1 to minimise the amount of melt 
tracturo and molecular weight degradation. Tha. molecular 
weights wera determined using Maxima B20 GPC analyaia, with, 
roftuits Sfrovn in Table 7 as follows: 
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Temperature) 



T^frlP 7 
— tturober Average 



_Weioi 



V<:rac«S 



unprocessed 
control 

138 

14 B 



12 6412 
103062 
90005 



.295015 
203780 
176578 



The extrusion* tcraporature profile from "the f eed zone . 
10 to the die was as follovs; 

gon» Tafltparatur'c » c 

1 (feed) i3S 

2 *■ 143- 

3 . ' 146. ' 
113 4 (die) 14& : . 

TSlc tsrpclymar was . extrudod to produce a tube -with an iriside 
diameter of 9.072 inch and outside diauetar of 0.111 inch* • 
This test demonstrated that the biodegradable terpulymer cai' 
be extruded into Bmall tubes, with the- desiree]. diai^e ter ras iiitf 
20 the prococcing conditions described ' Important factory 
involved in tube fabrication. ware.shBar hietory and 
temperature. Processing at all conditions reduced the 
TOoleoular woight averages and affected All. molecules 
similarly. 'JfouB, it was i&portruit in the processing to ' 
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maintain the shear rt\t* in the extruder at a minimum to 
maintain original material properties. Che processing 
temperature also affsufced the final molecular weight. The 
higher t)io process iug temperature, th.9 lower the calculated 
5 molecular weight averages , Therefore, it is preferable to 
operate the extruder at the low end o£ the processing 
temperature rancjo of the terpolyrcer (139 to 148 V C), 

Blending of 'i'erpolywer «Uh 8arium Bulfat© 
10 Followed by Extrusion , _ 

t&rpolymer having the same composition as that in 

Example 5 was melt blecKled with 12 percent by weight at 

swan, roicron Bize particulate BuB0 4 on a two roli mill at 

260 'P. The Ba50 4 was Homogeneous and compatible With the 

3v5 fcorpolymBr* The terpolywor resin filled vtth the BaS0 A was 

than, ground with dry ice and placed in au oven ar, 1MTF for 

1 hour to remove excess moisture. To complete, ths drying, 

the material was placed in a vacuuw oven at roam temperaturo 

overnight, 

2Q The filled copolymer was extruded into a tubB using a 

3/4 inch Bralocndcr extruder with 30:1 length to diameter 
ratio* Additional die parte were used for the sunaXl 
diameter requirements . a 6-foot water hath and a taJco tip 
device followed the extruder to couj and control the sire of 

25 the tubing. Air was hIbo fed through the middle of the die 
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to maintain the tubs shape until th© matorial coolwS and 
established its. own Integrity, The final tubs diameter vas 
determined by balancing the extruder rpm, air pressure, ana 
take up speed with the die dimensions. The. processing 
5 temperatures used in the fabrication of the tubing wer*i 
Temperature Profile f'T) 

JUL (*z*d) 221 J£ 14 (die) ' 

230 300 310 320 

The tubing was able to ho Aieat-set into 
10 approximately a 1 inch diamatsr curl by looping it around 
or vithAn a mandril, heating the curled tubing to 4?»fi0 - c 
ttoc-iaJi'F) and cooling it in place.- 'Che curl, thus formed, 
promptly returned to it» position when straightened. 

The molecular veight or th& Daf30^ filled terpolymer 
•IS tubing W&£ then determined «" " The weight A veragf a- , . number 
average-, and Z-average molecular weights, respectively, 
ware 2 SO , 000; -1S2;0D0; and 442 ,000, This demonstrated that 
the tarpoiyms^ can bo processed to retain useful proper tias * 
tor applications as a stent* The tubing extrudatG^s uere'ot.. 
20 good quality " Bmooth, homogeneous \ tough, and elastic* 
Preliminary reBuits indicated that the tubing embrittled 
somewhat arte* 3 weeks "in contact with aqueous riuids'. 
although it was still somewhat pliable, ductile failure 
occurred upon handling and bending. At that stago, 
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l\ it K <( , and K £/ respectively r vrtsre 27 r <500? 10,400? and 
53. ,623, The polydispersity (W/l^) W6i6f 2.65, Which is a 
slight increase ovor the valuo or 2,0 for the unexposed 
terpolymer {£&e Table 7). 

Differential scanning calorimetry indicated 
substantial hydrolysis and degradation. After 6-7 weeks the 
walls of the tubing appeared much thinner. Tile terpoiymer 
tubing became" softer ard soiaawhat fibrous, ami shredded 
easily into soft pieces:. 

Although the composition t*ompxiaing the inventive- 
biodegradable, biocijjnp*ti£2£ r res^b^i^ ureteral etont has 
been disclosed .in the* context of a terpolymcr of l*(->lactide, 
glycolide and epilson-caprolaotan©, othar ©qui talent 
compositions aro also contemplated as being suitable 
cotnpdsitlons for preparing tho stont. 

Thus, It. is contemplated that D{~)lactide, the. 
internally optically in&ctlve meso-iactida and the optically 
inactive racemic or D r L-lactide can be substituted £ov tno 
x»(-)laoti<te. It is also contemplated that delta- 
valero lactone can bo substituted for op ilaon-capro lactone-. 

A discussion of the TOechanisaa of b ^degradation of 
theae compounds in the form of t ilms' is discloses in Pitt et 
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al "Mphfttic Polyesters XX, Th* Degradation ot Po3y (DL- 
i^otidc) f l>oly ^pilaon-Caproiactonc) , ana Their Co-Po.lyiaers 
In ViVo", B J.OT1ATERIA1S r pages 215--220, (Vol. II, October 
190J), which is incorporated by reference herein. 
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